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S-4 SPECIFICATIONS
Current Speed
Range: 0-350 cm/sec (standard)
0-50, 0-100, and 0-600 an/sec (optional)
Resolution: 0.2 cm/sec (standard)
0.03 ecm/sec (for 0-S0 range)
0.06 cra/sec (for 0-100 range)
0.35 am/sec (for 0-600 range)
Accuracy: 2% of reading +/-1 cm/sec
Noise: Same as resolution for averages of 1 minute or
longer
0.05 em/sec rms for 10 second averages
025 em/sec rms for 2 second averages
0.75 am/sec rms for burst sampling
(0.5 second rate)
Threshold: Zero (Limited only by resolution and noise)
Vertiaal
Response: True cosine response (internally software
corrected with Tilt option)
Angle Range: +/-45°
Resolution: 0.06°
Accuracy: (Angle Output) +/-0.25°
(Speed Correction) +/-1% of reading
Optional Sensors
¢ Temperature
Type: Semiconductor  Thermistor Platinum
(sndary) . .
Range: . 5-+445C -5 C- +45°C 5C- +865C
Resalution: .
STD (10 biy) 005 C 0.05°C
Hi-Res (14 bit)  0.003°C 0.003°C 0.003°C
(210 +35°C) +/-02°C +1-0.05°C +/-0.02°C
Response Time (63%):
Semicond.: 1 min, 1.5 sec. 60 msec
Conductivi
Type: Conductive (4 electrode)
Range: 0-70 ms/cm 0-5 ms/cm
Resolution:
STD (10 bit) 0.1 ms/em 0.01 ms/cm
Hi-Res (14 bit) 0.01 ms/cm 0.001 ms/cm
Predsion: +/-0.2 ms/ecm +/-0.02 ms/cm
(5-65 ms/cm) (0.1 to 5 ms/cm)
Response Time
(69%): 0.1 sec.
Type: Inductive Head
Range: 0-70 ms/cm 0-5 ms/cm
Resolution:
STD (10 bit) 0.1 ms/am 0.01 ms/cm
Hi-Res (14 bit) 0.01 ms/cm 0.001 ms/cm
Precision: +/0.02ms/an  +/-0.01 ms/em
(5-65 ms/cm) (0.05-5 ms/cm)
Response Time
(63%): 60 msec

Endurance:

Range:
Resolution:
STD (10 bit)
Hi-Res (14 bit)
Precision:
Response Time
(83%):

Mechagicat

Size:
Weight:

CMOS static RAM (Non-restricted
Lithium battery protected)

10 years

64K Bytes standard (128K, 256K, SO0K or IM
optional)

348,000 vector averages may be stored with 1M bs

Flux-Gate compass

0.5°

2

+/-25 for specified accuracy

Temperature stable quartz oscillator

+/-12 minutes\year

Temperature  stable non-restricted Lithium
battery (3 years)

Intemal  batteries (6 alkaline ‘D" cells)
(Lithium optional)

Lithium option--1600 hours continuous
logging. Five years deploymeat with totl
ontime less than 1200 hours.

Alkaline cells--440 hours continuous
logging. One year deployment with toual
on-time less than 440 hours,

Semiconductor Strain Gauge
0-70M (0-1000 dBar) (0-6000 dBar)
1 dBar 6 dBar

4mm .06 dBar .36 dBar
+1-0.15% FS

60 msec

Sphere, 25 an (10 in) diameter

Air, 11 kg (24 Ibs))

Water, 1.5 kg (4 Ibs.)

In-line

4,500 kg (10,000 Ibs. working
Insulating liner, accepts 1.6 cm

(5/8 in.) shackle pin

Sphere, glass-filled cycloaliphatic epaxy. Mooring
rod, titanium 6 AL-4V

8 kg (18 Ibs.) at 250 cm/sec (8 ft/sec)
1,000 M (3,200 ft.) maximum

Storage -40 to +50 C

Operating -5to +45 C

355em (14in)

Air 34.5 kg (76 1bs.)

Water 10.5 kg (23 Ibs.)

0.63 kg (1.4 1bs.) @ SO cm/sec
6,000 m (19,200 ft.) maximum

(S4A Current Meter User’s Manual, 1990)
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MARSH McBIRNEY SPECIFICATIONS

Response Time

The outputs of the instrument are passed through low pass filters

with a time constant of one second, which provides a (~3db) band width
of 0.16 Hz. The corresponding time response to a step change in water
velocity is shown in the following table:

Time after stepwise Percentage of change
flowchange seen at output jack
1 second 63%
2 seconds 86%
3 seconds | 95%
4 seconds 98%
5 seconds 99%
Accuracy
The overall accuracy of the instrument is composed of four factors:
1) Long term zero drift Less than+ 0.07 ft/sec
2) Linearity of response = 2% of reading
3) Wideband electronic noise .03/ﬁrms ft/sec

Where T is the output
time constant expressed
in seconds (standard
value is one second)

4) Absolute Calibration =+ 2% of reading
1) LongTerm Zero Drift

Due to electrochemical reactions at the sensing electrodes, as
well as electronic drift in the components, the output signals of former
electromagnetic sensors would fluctuate around zero voits if the probe
were immersed in still water for long periods of time. The unit
incorporates a patented feature which reduces long term zero drift to
less than £0.07 feet per second. (Other models have a zero drift of
less than+0.02 feet/second.) This effect is separate and distinct from
the slight random motion of the panel meters, which is due to electronic
noise.

(Instruction Manual for Model 511 Electromagnetic Water Current Meter, 1976)
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2) Linearity of Response

The output signals may deviate from exactly linear response to in-
creasing water flow due to minor variations in flow streamlines at increas-
ing velocity. This factor is small enough to guarantee that the outputs are
within 2% of nominal over the velocity range of the instrument.

Note that the panel meters have an additional 2% accuracy specifi-
cation, so for most accurate use of the uait, the user should monitor
the analog voltage.

3) Electronic Noise

Due to the high electronic signal gains used, the first stages of
signal amplification introduce some noise. To reduce this noise, as well
as filter out the carrier frequency, low pass filters are used on the output
signals, and result in a root~mean-square noise content of 0.03 feet per
second at the output jack.

4) Calibration Procedure

Marsh-McBirney owns twe recirculating water tunnels: one is four-
teen inches in diameter, the second is ten inches in diameter. Depending
on the sensor size, one of these tunnels is used to set the gain adjustment
after the zero adjustment potentiometer has been adjusted in still water.

The velocity in the water tunnel is measured by substituting a transfer stan-
dard velocity sensor that is calibrated periodically at the NSRDC towing
carriage. Once the water flow is established, the transfer standard output

is monitored by a digital voltmeter. The unit to be calibrated then replaces
the transfer standard sensor, and the adjustable potentiometer R22 is varied
until the output voltage corresponds to the velocity that was indicated by the
transfer standard sensor. Once again, the strip chart recorder is used on

the voltage output to determine correspondence with the transfer standard
output. The gain of both axes of the instrument is checked in both directions.

(Instruction Manual for Model 511 Electromagnetic Water Current Meter, 1976)




CTD SPECIFICATIONS

Measurement Range:

Accuracy:

Resolution:

Sensor Calibration:

Pressure:

Counter time~base:

Memory:

Real-time clock:

Batteries:

Materials:

Temperature
Conductivity
Pressure

Temperature
Conductivity
Pressure

Temperature
Conductivity
Pressure

Temperature

Conductivity

0 to full scale in 20% steps

-5t0+35°C

0to7S/m(0to 70 mmho/cm)

50, 100, 150, 200, 300, 500, 1000, 3000, 5000,
or 10,000 psia

0.01 °C/6 months

0.001 S/m/month

0.25% of full scaie range (50 to 1000 psia)
0.15% of full scale range (3000 to 10,000 psia)

0.001 °C
0.0001 S/m
0.015% of full scale range

-1 to +31 °C (measurements outside this range
may be at slightly reduced accuracy due to
extrapolation errors)

0 to 7 S/m. Physical calibration over the
range 1.4 to 6 S/m. Measurements outside this
range may be at slightly reduced accuracy due
to extrapolation errors.

Quartz TCXO, +/- 2 ppm per year aging; +/- 2 ppm vs. temperature (- 5 to

+ 30 *C).

CMOS static RAM, 128K or (optionai) 512K or 1024K byte; battery backed
for minimum 2 years data retention.

Watch-crystal type 32,768 Hz; barttery backed for minimum of | year
operation irrespective of condition of main battery. Corrected for drift and
aging by comparison to SEACAT counter time-base.

6 alkaline 'D'-celis provide 48 hours continuous operation and 2 year data

retention reserve.

600 Meter Pressure Case, acetat copolymer (plastic)
3400 Meter Pressure Case, 6061-T6 anodized aluminum
6800 Meter Pressure Case, 7075-T6 anodized aluminum

(SEACAT SBE 19-03 Conductivity, Temperature, Depth Recorder Operating Manual, 1993)
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SIGMA 950 SPECIFICATIONS
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General

e Dimensions: 13.5"Hx 10.0"Wx9.5"D (34.3 cm x 25.4 cm x
24.1 cm).

e  Waeight: 11 Ibs. (5 kg) not including power source.

o Enclosure: NEMA 4X,8 with front cover open or closed. UV

= resistant, stable from -40°F to 176°F (-40°C 80°C).

: e Temperature: Storage from -40° to 176°F (-40°C to 80°C),

i Operate from 15°F to 150°F (-26°C to 65.5°C).

f e Power Requirements: 12 VDC supplied from 6 amp-hr. gei or
‘ 4 amp-hr. Ni-Cad battery - 115 VAC, 230 VAC or 100 VAC

: power supply/battery charger.

e Graphics Display: Back-lit liquid crystal display (LCD) auto-off
when not in use (under battery operation). 8 line x 40 character
in text mode, 60 x 240 pixeis in graphics mode.

* Keypad: 21 position sealed membrane switch with blinking
green LED to indicate power on. 4 "soft keys", functions defined
by display.

. e Totalizers: 8-digit resettable and 8-digit non-resettable
software. 6-digit non-resettable mechanicalt. Units - ft*, gal,
; 3 M?, liter, acre-ft.
!

e Time Base Accuracy: +0.007%

_ ¢ Measurement Modes:
v Flumes - Parshall, Paimer Bowilus, Leopold-Lagco, H, HL, HS,
Trapezoidal
ol Weirs - V-notch, Contracted/Non-contracted rectanguiar,
. Thel-mar, Cipolletti
Manning Equation: Round, U and Rectangular Channels
. Flow Nozzie: California Pipe
E} Head vs. Flow. Custom programmable curve of up to 100
points.
Level only. Inches, Feet, Centimeters, Meters
Power Equation: Q=K4HM + KoHM

n
stk
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o Datalogging: "Smart" Dynamic memory allocation
automatically partitions memory to provide the maximum logging
time. No manual memory partitioning required.

Either slate or wrap-around memory mode may be selected.

(Model 950 Area Velocity Flow Meter Operating and Maintenance Manual, 1994)




Approx. 18,400 data points standard. Expandable up to 116,000

data points.t
Daily statistics available for up to 32 days.

* Recording Intervais: 1, 2, 3, 5, 6, 10, 12, 15, 20, 30, 60
minutes.

. 420 mA Output: 2 output signals available, user assignable.

Each will drive up to 600 ohm ioad.t

e Alarm Relays: (4) 10 amp form C relays, user assignabie for

any intemnal or externai data channel or event.t

e Sampler Output: 12-17 VDC puise, 100 mA max at 500 ms
duration.

e Communications: RS-232 - up to 19,200 baud, Modem - up to

2400 baud.t

\

VELOCITY TRANSDUCER

Method: Doppier Principle
Accuracy: 5% of reading
Range: +10 fps
Minimum velocity: .28 fps in .35 in (.89 cm) of liquid depth
Response time: 4.8 seconds
Profile Time: 4.8 seconds
Probe Dimensions:
Length: 3.65 inches (9.27 cm)
Width: 1.5 inches (3.81 cm)
Height: .72 inches (1.83 cm)
Cable: Urethane Jacket
(2x) RG174U Coax Cables
(4x) #22AWG Copper Stranded
.062° ID x .125 Wall Polyethylene Tube

Cable Length: 25' (7.6 m).

(Model 950 Area Velocity Flow Meter Operating and Maintenance Manual, 1994)

!

7

T

T

D

T

.

rn!'rvwwyr‘ -~

e gy



e e ey
. .

il

S ,4.,‘,,!
[

Bubbler Transducer
Accuracy: +.01'(.003 m).
Maximum Depth: 10’ (3.05 m).

Air intakes: Bubble source and reference port - desiccant
protected. Fittings provided for remote intakes.

Filter: 10 micron on bubble source intake.

Line Purge: Bubble line is high pressure purged at programmed
intervals, or in manuat mode on demand.

Line Size: 1/8" (.32 cm) ID standard.
Line Lengths: 500" (150 m) maximum.

T Optionai Features

(Model 950 Area Velocity Flow Meter Operating and Maintenance Manual, 1994)

g e v

g -



[Rv——

b




Appendix B

December/January Raw Data
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Cedar Creek Transect 5/30/95
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CEDAR CREEK

Beam depths I[nl
1.32 1.39 1.33 1.35

; East. _ 88.3 cn/s
North -19.5 cm/s
~ Spd: 1.76 kts Crs:182°

Made good 1149.64 m
Length 1166.48 m
Time 18 min 55.93 =

S EQ -118.3 m3/s

Average every 20.0 s
CFG File TEST1.CFG
Raw Data 95866827R.HA01
Aug Data :

Nav Data

Y

thi 4 it

£
i

g

1 o s LR IR



]

Ualocity (REF:BT)

20

1 km 166 m

B

CEDAR CREEK

[emrs]

" North

- Made good

- Raw Data

Beam depths Inl

1.32 1.39 1.33 1.35
East 88.3 cn/s
—19.5 cmrs
Spd: 1.76 kts Crs:182°
1149.64 m
Length 1166.48 m
Time 18 min 55.93 =
= Q -118.3 m3/s
Average every 28.8 =

TEST1.CFG
9586827R . 801

CFG File

Aug Data
Nav Data

i

2

[rme

TS

—

.

P
[revewe—"

s

rreeriona

S rmmat

el

]

e

TR



y

;"r-""wq g

™

i)

LT

i

for o

0o

S—;

JE—

L

[—

N
=
e
R =
-
a
N 1
B = |

LOVELADIES

Beam depths [ml
1.44 1.48 1.44 1.45

- East : 48.8 cm/s

North 17.6 cn/s
Spd: 80.85 kts Crs: 667

Made good - 16808.89 n
Length 1626 .87 m
Time 18 min 47.84 s
zZQ 96.1 m3/s
Average every 8.8 s

CFG File TEST1.CFG
Raw Data RUDGAZE8R .881
Auvg Data .

Nav Data

g

1o =ty

o



" North{(+> ~ South¢-) Uelocity (REF:BT}

0.3¢ k 20

-20

[] bad

Course Length . 1 km 627 m

e ) s
i ¥7

LOVELADIES

[emrs]

Beam depths Iml
1.44 1.48 1.49 1.45

East
North

48.8 cm/s
17.6 cm/s

Spd: 8.85 kts Crs: 66°

Made good

Length
Time

z 8

1668.689 n
1626.87 m

18 min 47.84 =

96.1 mn3/s

Average every Z8.8 s

CFG File
Rauw Data
Auvg Data
Nav Data

TEST1.CFG
RUDGAZER .81

|

™
|
arh’

[ [——

,
A,

1]

-

-
[FORP——




Appendix D

June/July Raw Data
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Appendix E

Time Series Analysis Results
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